Background Acute gastroenteritis (AGE) is a common reason for emergency department visits and hospitalizations. The role of antibiotics in AGE is unclear, as the current literature shows only a minor impact on the duration of symptoms and the overall clinical course. Our goal was to assess whether antibiotic therapy in patients with AGE affects the length of hospital stay (LOS).
Introduction
Acute gastroenteritis (AGE) presents a major burden to the global and the United States healthcare systems, as it is one of the most common diagnoses for emergency department visits and hospitalizations [1] [2] [3] . According to the Centers for Disease Control and Prevention, it is estimated that there are 37.2 million cases of infectious gastroenteritis annually in the United States alone, with 228,744 hospitalizations and 2,612 deaths [4] . The Healthcare Cost and Utilization Project (HCUP-US) found the average length of hospital stay (LOS) to be 2.9 days nationwide, with an average cost of $11,910 per stay [5] . While there are a broad variety of pathogens responsible for acute infectious gastroenteritis, the majority of cases are attributed to viral illness [4] [5] [6] [7] [8] . The management of patients presenting with AGE is primarily supportive and consists of rehydration [9] [10] [11] [12] . Oral hydration is the preferred modality for fluid repletion [13] [14] [15] . However, in patients with severe hypovolemia or an inability to tolerate oral hydration (including impaired mental status or severe ileus), intravenous hydration is a recommended alternative [13] [14] [15] . The role of antibiotic therapy in the management of AGE is unclear. There are limited data in the literature to strongly support their use. To our knowledge, no prior studies had looked at the role of antibiotic therapy in hospitalized patients with AGE and the LOS.
Patients and methods

Study design
A single-center retrospective cohort study identified 498 adult patients who had an emergency department visit and required hospitalization for AGE between January 2005 and July 2015. Of these, 19 patients did not meet the inclusion criteria (see below) and were removed from the study, leaving a total of 479 patients evaluated ( Fig. 1 ). We identified patients with AGE based on the clinical diagnosis made by the treating physician. The diagnosis was based either on the clinical presentation alone, or on the clinical presentation and imaging findings from a computed tomography scan of the abdomen, if applicable. Inclusion criteria included adult patients with diagnosis of AGE as above, older than 18 years, no history of inflammatory bowel disease, no active diagnosis of diverticulitis, active Clostridium difficile (C. difficile) infection, or concurrent infection (e.g., pneumonia or urinary tract) during the same admission. The primary outcome of this study was to compare the LOS in days between patients who received antibiotic therapy and patients who received supportive therapy alone. A subanalysis was performed to eliminate a potential confounder in our study, patients with a prolonged hospital stay (>10 days) were excluded from the study and the LOS was re-measured.
QuadraMed Computerized Patient Record software was accessed for extraction of patient age, sex, body mass index (BMI), LOS, presenting symptoms such as nausea, vomiting, diarrhea, bloody diarrhea or abdominal pain, initial vital signs including body temperature, heart rate and systolic blood pressure, laboratory tests including white cell count and lactate level, stool culture, stool leukocytes and C. difficile testing, and the antibiotic therapy administration during hospitalization. A diagnosis of presumed sepsis of enteric source was made if 2 or more of the criteria for systemic inflammatory response syndrome (SIRS) were present: tachycardia (pulse >90 beats/min), hypotension (systolic blood pressure <90 mmHg), leukocytosis (white blood cell count >12,000), fever (>38.0°C) and increased lactate levels (when determined). This study was approved by the Institutional Review Board of the Mount Sinai School of Medicine.
Statistical analysis
IBM SPSS for Windows (version 24; IBM SPSS Inc.) was used for the statistical analysis. Categorical variables were compared using contingency tables or chi-square test. Continuous variables were checked for normality and those found to be normally distributed (e.g., age and BMI) were compared to our categorical predictor variables using ANOVA. LOS was not normally distributed; therefore, its relationships with other variables were compared using the Mann-Whitney U test. A P-value less than 0.05 was considered significant.
Results
The average age of the patients in our study was 54±18 years and most were women (57%). Abdominal pain was the most common presenting symptom (77.8%), followed by nausea, diarrhea, vomiting, and bloody diarrhea, respectively (72.2%, 69.7%, 65.3%, 9.8%). Leukocytosis was found in 36.1%, hypotension in 18.1%, and fever was only documented in 10.6% of our total population ( Fig. 2) . A fecal leukocyte test was performed in 187 patients (39%), of whom 30 had positive results (16%). Stool cultures were ordered in 199 patients (42%); only 15 patients had positive stool cultures (7.5%).
Having any of the following symptoms or signs-abdominal pain, diarrhea, bloody diarrhea, fever, leukocytosis, hypotension or tachycardia-was associated with a higher likelihood of antibiotic administration (P<0.008, <0.001, <0.001, <0.001, <0.001, =0.05, =0.04, respectively). Patients who complained Our 2 groups comprised, first, all patients with AGE treated with antibiotic therapy (N=219, 46%), and second, with AGE diagnosis treated with supportive therapy alone (N=260, 54%). Patients who had received antibiotic therapy had a similar LOS to those treated with supportive therapy and intravenous fluids alone (2.62 days [range 1-56], vs. 2.66 days [range 1-20], P=0.77, n=479) ( Table 1) . When adjustment was made for a small number of patients with a hospital stay longer than 10 nights, there was still no impact of antibiotic therapy on LOS (2.33 days vs. 2.33, P=0.86, n=467).
Eighty-eight (18%) of our patients had severe disease and presumed sepsis of enteric source. Of those patients, 55 (62.5%) had received antibiotic therapy. The LOS of these very ill patients was slightly but not statistically significantly shorter compared to those who did not receive antibiotic therapy (2.09 days vs. 2.54 days, P=0.69). Diarrhea was the most common presenting symptom in 88% of cases, followed by abdominal pain in 77%. Patients with presumed sepsis were more likely to receive antibiotic therapy compared to those without presumed sepsis (risk ratio 1.49, 62.5% vs. 41.95%; P<0.001) ( Table 2 ). 
Discussion
The average LOS of hospitalized patients with AGE in our study was 2.65 days, similar to data from HCUP-US, which found the average LOS to be 2.9 days nationwide [25] . In our study, 46% of patients presenting with symptoms consistent with AGE were given antibiotic therapy; 79% of patients presenting with bloody diarrhea had received antibiotic therapy and around 63% of patients with presumed sepsis of enteric source had received antibiotic therapy. Interestingly, patients who received antibiotic therapy did not have a shorter LOS compared to patients treated with supportive therapy and fluids (2.62 days [range 1-56], vs. 2.66 days [range 1-20], P=0.77, n=479). Even when we excluded patients with an extended hospitalization of more than 10 days, the results were similar (2.33 days vs. 2.33, P=0.86, n=467). When we looked at patients with presumed sepsis of enteric source, patients who were treated with antibiotic therapy had a slightly shorter LOS, but the difference was not statistically significant (2.09 vs. 2.54 days, P=0.69).
The empiric use of antibiotic therapy is a common practice not generally supported by strong evidence. Empiric antibiotics are not routinely recommended in the management of AGE except for particular circumstances. The Infectious Diseases Society of America issued new guidelines in 2017 that discouraged the empiric use of antibiotics in immunocompetent adults without signs of severe disease. They recommended limiting antibiotic therapy for patients with presumed sepsis of enteric source (≥2 SIRS criteria), immunocompetent patients with documented fever, abdominal pain, bloody diarrhea or bacillary dysentery, or immunocompromised patients with severe illness and bloody diarrhea (strong recommendation but based on a low level of evidence) [16] . Most studies have only shown a small benefit of antibiotic therapy in the clinical course of AGE [17] [18] [19] [20] [21] [22] . A meta-analysis from 2012, which included 767 participants from 12 trials, showed no evidence of benefit for antibiotic therapy in non-typhoidal Salmonella diarrheal infection in otherwise healthy people [23] . A second metaanalysis of patients with confirmed Campylobacter species gastroenteritis found that antibiotic treatment shortened the duration of intestinal symptoms by only 1.32 days [24] .
Only 15 patients (7.5%) of our study population had positive stool culture results. The reported yield of stool cultures in previous studies was generally low (1.5-9%) [25] [26] [27] . Our study was conducted prior to the new polymerase chain reaction (PCR)based diagnostic testing techniques that have high sensitivity and a short turnaround time as compared to conventional stool culture testing, with a faster pathogen detection rate [26] . One recent study looked at the use of the gastrointestinal (GI) PCR panel compared to conventional methods such as stool cultures and stool ova and parasite examination [28] . The GI PCR panel group had a higher pathogen detection rate, faster reported results and a lower healthcare cost compared to stool culture. The LOS was shorter by 0.5 days in the GI panel group but the difference was not statistically significant (P=0.14).
Our findings from this study raise questions as to whether the implementation of empiric antibiotics in cases of acute infectious gastroenteritis is warranted, especially when the existing evidence in the literature is of low quality due to inconsistency and indirectness. The use of antibiotic therapy also comes with risks for medication side effects, promotion of bacterial resistance [29] , development of hemolytic uremic syndrome [30] , prolonged bacterial stool detection [31] , and an increased risk of C. difficile infection.
It was interesting in our study to observe that patients who presented mainly with nausea or vomiting were less likely to receive antibiotics compared to patients with diarrhea or abdominal pain. We believe that this is related to the general consensus that AGE presenting with upper GI symptoms, such as nausea and vomiting, is usually self-limited gastritis that does not require antibiotics. Meanwhile, AGE with lower GI symptoms, such as diarrhea and abdominal pain, is usually more severe and this acute colitis might necessitate antibiotic administration.
Our study included a large number of participants in a very diverse community in New York City and is the first, to our knowledge, to assess the LOS in patients with AGE. There are limitations to our study. It had a retrospective study design; the therapeutic modalities were not randomized and did not take the new GI PCR panel into account. Our study was a singlecenter study with data extracted as coded in electronic medical records. Further, potentially prospective double-blinded, studies are necessary to confirm these findings.
In conclusion, we found no change in the LOS for hospitalized patients with AGE treated with antibiotics compared to supportive therapy, although patients given antibiotics demonstrated more signs and symptoms of the disease. Even in patients with presumed sepsis, the LOS, though slightly shorter, was not statistically significantly different in those who received antibiotic therapy. This calls into question the role of antibiotic therapy in the management of AGE. 
